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1.1 Purpose and Scope 

Shaw Environmental & Infrastructure, Inc. has prepared this report to document results of recent 
subsurface investigations at the former Angeles Chemical facility and surrounding sites and to 
provide a site conceptual model. These recent data were combined with historical information in 
order to provide a comprehensive technical basis for interpretations presented here regarding soil 
and groundwater impacts at the site. The interpretations and conceptual model presented here will 
be modified as appropriate in the future as new data become available. Supplemental 
interpretations andlor modifications are anticipated to be provided in mid-2004. 

1.2 Site Description and History 

The Former Angeles Chemical facility encompasses approximately 1.8 acres at 8915 Sorensoo 
h u e  in Santa Fe SDM~S,  Califo&a. A site location map is givenas Figure 1-1. Angeles 
Chemical Company operated a hulk chemical r e p a c k a g i m a t  the property from= 
2000. -- 
Among other improvements, the facility included 34 underground storage tanks (USTs). One UST 
was used for diesel fuel, one UST was used for unleaded gasoline and the remaining USTs were 
used to store chemicals prior to repackaging. Between 1998 and 2001,18 USTs were excavated 
and removed from the site and the remaining 16 USTs were decommissioned in-place by emptylng 
the contents and filling the ta& with a cement slurry. The UST excavation and decommissioning 
work was conducted under the oversight of the Santa Fe Springs Fire Department. 

1.3 Adjacent Property Uses 

The former Angeles Chemical facility is located in an industrial area of Santa Fe Springs and is 
surrounded by properties with known environmental problems (see Figure 1-2). The McKesson 
Corporation property is located directly south of the former Angeles Chemical site at 9005 
Sorensen Avenue. McKesson operated a bulk chemical repackaging facility at this site from= 
to 1986. The McKesson site included 44 above-ground storage tanks (ASTs) and 23 USTs and the 
s i temocumented releases from the AST area as well as illicit releases to the unlined channel 
that separates the McKesson and former Angeles Chemical sites. A limited soil vapor extraction 
system (comprising one or two wells) and a single groundwater extraction well are in place at the 
McKesson site as an interim remedial measure. In 1995 McKesson's consultant, Geomabix 
calculated that an extraction rate of 50 gpm would be necessary to achieve containment of the 
groundwater plume. In actual performance, the system has averaged much lower extraction rates 
(for example, average pumping rate was 26.3 gpm in the fust quarter of 2002) 

The Air Liquide facility is located immediately west of the former Angeles Chemical site at 8832 
~ i c e ) ~ o a d .  This propem included an unlined waste disposal pond used for storage of water and 
residues from acetylene production. The Pilot Chemical Company, located at 11756 Burke Street, 
has had documented releases of volatile G c  c o m m ( d 0 ~ s )  which have been detected in 
groundwater. 
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Southern Califo-n is located at 8851 Dice Road, west of the former 
Lgeles  Chemical site. This site has a history of hazardous waste discharges dating back to 
approximately 1957. Chlorinated and aromatic organic compounds have been detected in soil and 
groundwater at this site. 

These, and a number of other nearby impacted sites have been identified by prior investigators. 
Most of these locations are depicted in Figure 1- 2 which was compiled by Geomatrix on behalf of 
McKesson. 

Finally, and of particular note, a large chlorinated solvent release at the Omega Chemical site (at 
Whittier Blvd. about 6,000 feet to the northeast of the former Angeles Chemical site) has resulted 
in a regional chlorinated VOC groundwater plume that has been interpreted to occur beneath the 
former Angeles Chemical site and further down gradient to the southwest. A plume map 
interpreted by Weston (April, 2002) is reproduced here as Figure 1-3. 

1.4 Regional Hydrogeology 

The former Angeles Chemical site is located near the northern boundary of the Santa Fe Springs 
Plain within the Los Angeles Coastal Plain at an elevation of approximately 150 feet above mean 
sea level (msl). The Santa Fe Springs Plain has a low, slightly rolling topography. Underlying 
geologic units have been warped by the Santa Fe Springs-Coyote Hills anticlinal system, whose 
limbs dip gently to the northeast toward Whittier and to the southeast toward the Downey Plain. 
The nearest major fault zones are the Whittier Fault Zone approximately 3.5 miles to the northeast, 
and the Newport-Inglewood Fault Zone approximately 11 miles southwest. 

Surficial sediments consist of fluvial deposits composed of interbedded gravel,' sand, silt and clay. 
Available data from California Water Resources Bulletin No.104 (1961) indicate that surficial 
sediments may be Holocene and/or part of the upper Pleistocene ~akewood Formation. Bulletin 
104 indicates that the Lakewood Formation generally ranges from 40 to 50 feet in thickness in the 
site vicinity. Frequent lateral lithologic changes are typical of the Lakewood Formation, with 
discontinuous permeable zones and considerable variation in particle size. Underlying the 
Lakewood Formation are stratified deposits of sand, silty sand, silt and fine gravel comprising the 
upper portion of the lower Pleistocene San Pedro Formation. The San Pedro Formation generally 
ranges from 700 to 800 feet in thickness in the site vicinity. 

The shallow hydrogeology in the site vicinity has been interpreted differently by previous 
investigators with respect to the classifications and cross sections given in Bulletin 104, as 
highlighted below. The nearest cross section to the site in Bulletin 104 is provided in Figure 1-4. 

Tne site lies within the Central Basin Pressure area, a division of the Central Groundwater Basin 
which extends over most of the Coastal Plain. In this area the Gaspur aquifer, a part of the basal 
coarse unit of Holocene deposits, is found within old channels of the San Gabriel and other rivers. 
Locally, the Gaspur may be 40 feet in thickness, with its base at a depth of about 80 to 100 feet 
bgs. The Gaspur is nonexistent in many areas. The underlying Gage aquifer is found within the 
upper Pleistocene Lakewood Formation. 

According to SCS (1995), data from Bulletin 104 indicate that the site is located in an area in 
which the upper portion of the Lakewood Formation is interpreted to be truncated by overlying 
Holocene beds. Because of this geometric relationship, the Gaspur may be in contact with the 
Gage or even the underlying Hollydale aquifer, which is in the San Pedro Formation (SCS, 1995). 
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Interpretation of maps in Bulletin 104 by SCS indicated the Gaspur aquifer is present at the site, 
while the Gage aquifer is not. 

The Hollydale aquifer is the uppermost regional aquifer in the San Pedro Formation. Bulletin 104 
indicates that this aquifer averages approximately 30 feet thick in this area, with its top at a depth 
of about 70 feet bgs and its base at about 100 feet bgs. 

The two groundwater units encountered during drilling at the site by SCS in 1994 were designated: 
the perched aquifer, (then found at a depth of approximately 23 feet bgs), and ihe Gaspurl 
Hollydale aquifer, (then with piezometric levels of approximately 30 to 35 feet bgs). 

Each of the three previous investigators (HLA, SCS and BEII) have assigned different names to 
each of the two shallowest groundwater zones beneath the Angeles and/or McKesson sites, 
resulting in six names to defme two units. To simplify the classification scheme it might be best to 
consider the shallowest groundwater as being in the Lakewood Formation and the deeper 
groundwater as being in the San Pedro Formation (Hollydale Aquifer at the sites). 
Notwithstanding these suggested simpler designations, in the balance of this report the two 
observed groundwater units are referred to generically as "shallow" and "deep" for clarity. 

1.5 Previous Investigations 

A series of investigations have been conducted at the site in order to identify and delineate the 
extent of impacts to soil and groundwater. The first subsurface investigation at the former Angeles 
Chemical site was conducted by SCS Engineers in January 1990 (SCS. 1991). Eight soil borings 
were advanced to depths of up to 50 feet below ground surface (bgs). A number of VOCs were 
detected in the soil. Investigative locations are shown in Figure 1-5 

SCS Engineers conducted a second round of subsurface investigation in June 1990 (SCS. 1991)., 
This work involved six soil borings at depths up to 60 feet bgs and installation of one groundwater 
monitoring well (MW-1). VOCs were detected in soil and chlorinated and aromatic VOCs were 
detected in a groundwater sample collected from the new monitoring well. 

California Deparfment of Toxic Substances Control (DTSC) issued an Imminent or Substantial 
Endangerment Order in 1993. Among other things, the DTSC order called for Angeles Chemical 
Company to conduct a Remedial Investigation and Feasibility Study @WS) for the site. As part of 
the RIIFS, additional investigations were conducted at the site in 1993 and 1994$33,394).  SCS 
advanced nine soil borings and installed five groundwater monitoring wells. This work further 
defined the extent of impact. In soil, the predominant detected VOCs were: - 

tetrachloroethenC.@'& 
l,l,l-trichloroethane(I,l,l-TCA) 

methyl isobutyl k tone_(MIBK) toluene 
= , h l o r o e t h e p ( m  xylenes 

In groundwater, the predominant detected VOCs were: 

1,l-dichloroethane (1,l-DCA) methylene chloride 
= 1,l-dichloroethene (1,l-DCE) benzene 

TCE j ethylbenzene 

<g!? toluene and 
l,l,l-TCA xylenes 
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In addition to the dissolved chemicals listed above, approximately 0.1 feet of free product was 
measured in monitoring well MW-1 near the southern boundary of the site. ~ m t h e  free 
product and found that it contained a mixture of VOCs including acetone, MEK, 1,l-DCA, 1,l- 
DCE, TCE, PCE, 1,1,1-TCA, ethylbenzene, toluene and xylenes. Free product was hailed from the 
well on a weekly basis from May 1994 through June 1995. 

SCS Consultants conducted a soil vapor extraction pilot test at the site in 1996. This was followed 
by a soil vapor survey in 1997. Soil vapor samples were collected from a depth of 5 feet at 23 
locations and from a depth of 15 feet at 12 locations. The highest concentrations of VOCs were 
detected near the railroad spur on the western side of the site. A follow-up soil vapor survey was 
conducted by BE11 in 2000. In this survey, samples were collected from depths of 8 feet and 20 
feet at each of 36 locations. In general, results from this investigation showed relatively low VOC 
concentrations at 8 feet and higher concentrations at 20 feet EII, 2001 . Ld' 
A third soil vapor survey was conducted at the site in January 2002 BE11 2002 This component d-3. . ' . 
of the investigation focused on the eastern, northern and southern property oundanes of the slte. 
This investigation confirmed previous fmdings that soil vapor concentrations are typically higher at 
20 feet and lower in the shallower soil (8 feet bgs). In addition, this survey found higher VOC 
concentrations in soil vapor along the southern boundary of the site, compared to data from the 
eastern and northern property boundary. 

1.6 Recent Investigations 

This report presents new data collected between June 2002 and late 2003. During this period BE11 
advanced 29 soil borings, 26 cone penetrometer (CPT) pushes, and installed 19 monitoring wells at 
the site. BE11 also abandoned four older monitoring wells (MW-1, MW-2, MW-3 and MW-7) in 
favor of the installation of new monitoring wells. In addition to ongoing quarterly groundwater 
monitoring and reporting, water levels were measured in wells bi-weekly or monthly. 

A significant amount of data regarding the site results from borings and monitoring wells installed 
in 2002 and 2003. The investigative work at the site since November, 2002 was authorized by 
DTSC and was focused on the complete characterization of the site. In concert with the results of 
previous investigations and ongoing monitoring, these new results allow the site subsurface to be 
well characterized. The recent investigations are summarized below. 

CPT pushes CPT-1 though CPT-11 were advanced in August, 2002 to provide lithologic data of 
the shallow subsurface. A number of these CPT pushes also utilized laser induced fluorescence 
(LIF) for the screening of petroleum hydrocarbons in the subsurface. 

In November 2002 more CPT pushes were advanced (CPT-12 through CPT-26), borings BSB-11 
through BSB- 17 were completed to collect soil samples, and monitoring wells MW-9 through 
MW-21 were installed, and older monitoring well MW-01 was properly abandoned. Several of the 
new monitoring wells were installed with dual casings to mitigate the potential of cross 
contamination. In June 2003 monitoring wells MW-22 through MW-26 were installed, boring 
BSB-18 was sampled and older monitoring wells MW-02, M W 4 3  and MW-07 were properly 
abandoned. 

Figure 1-5 shows investigative locations at the site including all of these recent points. Tables 
comprising the analyhcal results for all available historic soil and groundwater sampling events 
through September 2003 are presented herein. Actual laboratory reports have been previously 
submitted to DTSC and are therefore not included herein. 
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Investigative methods comprised hollow stem auger drilling with split-spoon sampling for soils. A 
groundwater sampling specialty firm (Blaine Tech) was contracted for groundwater sampling. All 
samples were collected and transported under chain-of-custody to a California Certified Laboratory 
for analysis. All field, sampling, and laboratory methods appear to be consistent with current 
standard practices for this type of work in California 
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2.0 HYDROGEOLOGY O F  THE SITE 

2.1 Lithology I Hydrogeology 

The lithology of the shallow sedimentary materials beneath the former Angeles Chemical site are 
well defmed based on over 40 soil horings and 26 CPT pushes. Boring logs are given in Appendix 
A and include BSB-11 through BSB-18 and MW- 9 through MW-26 (well installation details are 
also provided on the boring logs). The CPT logs for CPT-1 through CPT-26 are given in Appendix 
B. Several of the soil samples were analyzed for physical characteristics in a laboratory and these 
reports are given in Appendix C. 

Figure 2-1 shows the locations of horings, CPTs, and monitoring well borings at the Angeles and 
McKesson sites. The lithologic data from these 156 locations provides a robust data set with which 
the hydrostratigraphy of the sites can be characterized in some detail. 

After detailed analvsis of these data in concert with data and internretations of other site and near- 
site investigators, six distinct hydrostratigraphic horizons became clear. Uppermost is an 
"overburden" unit comprising a wide range of materials from fill to silty sands to clayey silts that is 
designated as "unit A". ~ e x t  is a well-dkfmed clean sand (sometimes with gravel) horizon 
designated as "unit B". Following is a fine-grained predominantly silt zone designated as "unit 
C1" which is underlain by a coarser silty sand zone named "unit D." Next is the finest-grained unit 
observed, "unit C2" which is predominantly a clayey silt that can be finer (clay) at the top, and 
coarser (sandy silt) with depth. Finally, "unit E is a clean coarse sand unit (similar to unit B) that 
is considered the top of the regional aquifer system and also referred to as the "A1 aquifer" of the 
Hollydale Aquifer by prior investigators. 

Figure 2-2 is a matrix that relates CPT, boring log and physical analysis data at a representative 
location at the site and the hydrostratigraphic unit designations described above. As can be seen in 
the figure, the designations are valid (CPT-21 / MW-14) based on the results of the three 
aspects/methods shown (CPT, boring logs and hydraulic conductivity). The relationships shown in 
Figure 2-2 are generally typical of the overall site hydrogeology based on similar analyses of all 
available data. One of the most important steps in validating these hydrogeologic designations was 
the construction of a number of detailed hydrogeologic cross sections using all available data. 
These cross sections showed that, while two of the middle units (C1 and D) are not entirely 
continuous across the site, these hydrostratigraphic classifications are consistent with the data. 
Further, and as will be discussed subsequently in Section 4, the interpreted geometries of these 
units are consistent with basic tenants of sedimentary theory and in fact show regional paleo- 
depositional fabrics. 

After validating this hydrogeologic classification system, all available boring log and CPT data 
were classified as to unit designations and input into a database. In addition to the Angeles data 
set, all available boring log and CPT data for the adjacent McKesson site were entered into the 
database. The McKesson data meshed well with the Angeles data and existing cross sections by 
consultants to McKesson were used to guide hydmgeologic classification without any 
reinterpretation. Then using the Environmental Visualization Software (EVS) package, 3-D 
images of the site hydrogeology were developed as part of the site conceptual hydrogeologic model 
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and contaminant fate and transport analysis. It is important to note that none of the hydrogeologic 
contact data have been reinterpreted or manipulated in any way since initial entry into the data 
base. It was decided that such reinterpretation might be perceived as susceptible to bias and was 
therefore not done. Therefore, these visualizations, which form the cornerstone of the 
hydrogeologic interpretations presented herein, are as unbiased as possible. 

The database I EVS platform allows for the generation of all possible cross sections depicting 
details of the site hydrogeology. Figure 2-3 shows the trends of Figures 2-4 through 2-8, which 
show five such instructive cross sections (A-A' through E-E'). These general cross-section lines 
were taken to best show the overall site (near the outside of the triangle formed by the site margins 
and two bisectors). The bisectors are aligned with important structural trends. As is also clear 
from Figure 2-3, these cross section lines were selected to include as many data points as possible 
so as to be accurate and instructive (in the case of monitoring well screen depiction). 

Cross-Section A-A'(Figure 2-4) which is looking northwest at the northwestern margin of the site, 
shows a significant dip of all units toward the northeast. Unit C1 is absent at the southwest, but is 
present at a 10-foot thickness futher to the northeast, thins to about 2-feet between MW-14 and 
MW-19, and then it gradually increases in thickness to the northeast (to MW-4). 

Cross-Section B-B' (Figure 2-5) covers the McKesson site to the south as well as the former 
Angeles Chemical site and trends generally from southwest to northeast, looking to the northwest. 
Similar to A-A', the units dip slightly down to the northeast and unit C1 is not present to the 
southwest (in this case under the whole McKesson site). At the north of the McKesson site unit D 
is not present either, leaving unit B directly on unit C2 for a short distance. From the center of the 
section to the northeast (to the right) two important observations are made: 1) the slopes of unit B 
(light blue) and unit C2 (green) are generally steeply to the northeast, and 2) unit B is quite thick 
and looks to have eroded through all of unit C1 (red) and most of unit C2 at MW-10. 

Cross-Section C-C' (Figure 2-6) is looking due west from the southeast comer of the site to the 
northeast comer and shows generally northeast-dipping beds, except unit B (light blue) which 
again seems to have scoured through units Cl(red) and D (yellow) at the extreme south near MW- 
12 and MW-13. 

Cross-Section D-D' (Figure 2-7) is looking to the northeast at a line that runs from the 
northwestern side of the site to the southeast comer which is coincident with the centerline of a 
significant southwest-dipping depositional trough at the base of unit B (light blue). The view is 
perpendicular to the trough which is clearly evident based on the significant thickness of unit B and 
the relatively diminished thickness of units C1 (red) and D (yellow). The depression at the base of 
unit B at MW-10 along the run of the trough is consistent with the trace of a deeper trough (in unit 
C2) that runs perpendicular to this one (southwest to northeast). 

Cross-Section E-E' (Figure 2-8) is a northward look at the southern boundary of the site that 
shows several important features. First, unit C1 (red) is limited in lateral extent to the middle of 
the section. Second, the eastern end of the section encounters the deep trough at the base of unit B 
(light blue) shown above in cross section D-D' that has eroded through units C1 and D (yellow). 
Finally, the trough in the top of unit C2 (green) mentioned above (trending southwest to northeast) 
is evident as the depression at MW-18 and MW-21. 

Figure 2-9 shows an oblique view of the 3-D visualization of the six hydrogeologic units slightly 
separated (exploded) from each other vertically. More detailed discussion of the complexities of 
the site hydrogeology are provided in Section 4 along with additional visualizations. 
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2.2 Groundwater Elevations 

Groundwater occurs in two distinct zones beneath the site, in a shallow (perched) zone within the 
Lakewood Formation, and in a deeper zone that is interpreted to be the top of the regional aquifer 
system in the San Pedro Formation (Hollydale Aquifer being at the top of this sequence at the site). 
Figure 2-10 shows the monitoring wells at both Angeles and McKesson that are used to measure 
water levels in these two groundwater zones. 

All available groundwater elevations measured at the site are given in Table 2-1. As seen in the 
table, temporal gaps exist in the data, however, in 2002 data was collected quarterly and in 2003 
data was collected monthly or even bi-weekly (BEII, 2003). Figure 2-1 1 is a hydrograph that 
charts changes in water levels in all monitoring wells at the former Angeles Chemical site between 
December 2002 and November 2003. Two conclusions are clear from a quick review of Figure 2- 
11: 1) shallow well plots are grouped and have higher elevations than deep zone wells, and 2) all 
wells show effects of seasonal recharge events with upward trends through June and downward 
trends through the end of the year. 

On a closer look, the deep wells, based on their increases through Febmary (about two feet higher), 
seem to be affected by regional recharge while the shallow wells, based on their generally static 
levels through February, are not affected. However from March through May, deep and shallow 
wells respond quite similarly with general increases of about three feet. In June and July, deep 
wells start to drop several feet, again apparently responding more quickly to recharge changes than 
the shallow wells which, in general, decline less than a foot or are basically static. Similar to the 
recharge cycle, both shallow and deep wells act similarly through the dry fall season and decline 
several feet. 

Figures 2-12 and 2-13 give larger scale hydrographs of the shallow wells and deep wells 
respectively for clearer comparison of water level changes within the two zones. Omitted from 
Figure 2-12 are wells MW-4 and MW-6, which are screened above the current water table of the 
shallow zone as indicated by their high elevations and relatively flat profiles in Figure 2-11. 

An observation made based on analysis of the 2003 deep zone hydrograph (Figure 2-13) is that 
relatively rapid water level increases immediately followed by declines occurred in MW-21 in 
April, in MW-14 in June, and in MW-20 in October. It is also observed that at the end of the year 
most deep zone wells had somewhat lower elevations than at the beginning of the year, which 
contrasts with the shallow wells which generally (except MW-9, MW-16 and MW-18) had higher 
elevations at the end of 2003. 

Graphs of 2003 monthly precipitation and annual (1975 to present) precipitation in the Los Angeles 
area are given in Figure 2-14. In comparing the specific monthly values documented in Figure 2- 
14 (top graph), to the site well hydrographs (Figure 2-1 1) several cause and effect relationships 
alluded to above seem to be validated. It is also observed that: 

Deep groundwater responds more rapidly to precipitation events at the beginning of the 
wet season than the shallow zone which may take up to two months to show increases, 
however once water starts rising in the shallow wells, it does so at a rate approximately 
equal to the deep zone. 
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Once precipitation ceases in June, no water level increases are observed, indicating 
relatively rapid equilibration in both units, the deep zone then begins to decline rapidly 
while the shallow zone's decline is relatively subdued through July. 

Groundwater elevation contour maps that interpret the geomehy of the groundwater surface of the 
shallow zone throughout 2003 are provided in Figures 2-15 through 2-17. The interpreted deep 
groundwater zone piezeometric surfaces based on 2003 measurements are similarly shown in 
Figures 2-18 through 2-20. Contemporaneous data from McKesson wells were used where 
available to provide a wider view. 

Review of these interpretations leads to several general observations for both the shallow and deep 
zones. Regarding the shallow groundwater interpretations for 2003 it is observed that: 

Water levels in MW-10, MW-11 and MW-12 are generally (except April 21) higher than 
the rest of the wells and form a ridge that trends northwest to southeast across the middle 
of the site. The ridge is often deflected down at the center of the site (at MW-10). 

MW,9 and MW-18, which are at the northeast comer and south-central margin of the site 
respectively, generally have the lowest water levels and form a groundwater trough that 
trends southwest to northeast and is deflected upward near the center of the site. 

The effects of seasonal recharge are :vident from the relative lows in the fmt  (Febmary 
27) and last (October 21) measurements and the relative high in May and June. The high 
level observed in shallow wells is an elevation of 121.19 feet in MW-12 (at the southeast 
comer of the site) on May 5 indicating it is nearest to a predominant recharge source. 

Most wells respond relatively rapidly (within three months) to major storm events. 

The interpreted water table configurations for consecutive measurements on April 21 and 
May 5 contrast strikingly, with MW-10 centered on a low in April and then over two feet 
higher in May and at relative high. 

Finally, the relatively low elevations (2 to 6 feet lower than the highs) to the northeast and 
the southwest interpreted when the water table is low in October contrast with the February 
interpretation which is also at a water table low but drops only 1 to 3 feet to the northeast 
and the southwest. This relationship suggests that the lower than average rainfall of 2003 
(and 2002) (see bottom graph in Figure 2-14) has caused a lowering of the shallow water 
table. 

Observations made from analysis of the deep groundwater interpretations presented in Figures 2-18 
through 2-20 are that: 

Piezeometric highs are consistently to the east-northeast and lows to the west-southwest 
as evidenced in all 12 of the interpretations, indicating flow is consistently to the west- 
southwest. 

Elevation differences across .the site are generally on the order of about hvo feet resulting 
in a relatively flat gradient of about 0.005 Mft. 
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Overall highs (elevation 113 feet to 11 1 feet above mean sea level) occurred in May and 
June with relative lows (elevation 107 feet to 106 feet) in October indicating seasonal 
fluctuations of about five feet. This seasonal fluctuation is similar to the shallow 
groundwater zone, both temporally and in magnitude. 
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3.0 NATURE AND EXTENT OF CONTAMINATION 

3.1 Soils 

The distribution of contaminants in soil at the former Angeles Chemical site can be explained by 
the complex interplay among hydrogeology, release history and the physical and chemical 
properties of the contaminants. In review of the data, it is noted that soil samples have been 
collected from deoths as meat as 45 feet bes. which is below the water table. This is imuortant " - ,  

because much of the spatial pattern of contaminants in soil is likely the result of transport under 
saturated conditions. In particular, the strong horizontal component of contamination in deep soils 
(below about 20 feet bgsj at this site is a ch&cteiistic related to saturated flow. For deeper soil, 
lateral migration is likely ongoing whereas for intermediate depths (approximately 15 to 30 feet 
bgs) this pattern is likely a result of transient periods of saturated flow at times in the past when the 
water table was shallower. 

A complete tabulation of soil analytical data is provided in Tables 3-1 through 3-4. While semi- 
volatiles and petroleum hydrocarbons have been detected at scattered locations, the most 
widespread contaminants in soi! consist of chlorinated and aromatic o 
3-1 through 3-5 show the interpreted 3-dimensional extent of 1,l.l-TC 
toluene. It is important to note that the 3-D visualizations consider all 
the site, regardless of age. This method, overestimates the current mass of VOCs in soil because it 
does not account for biodegradation or other mechanisms of attenuation over time. 

Xylenes. As shown in Figure 3-1, there are near-surface occurrences of xylenes in the vicinity of 
the documented broken pipe release (near location BH-14) as well as in the northern portion of the 
site (near BSB-12). The near-surface occurrences exhibit a typical concentration profile with 
respect to depth in which relatively high concentrations in shallow soils attenuate to progressively 
lower concentrations at depth. For example, samples kom location BH-14 contained 233 mgkg 
total xylenes at 5 feet bgs, 128 mgkg at 20 feet and 8.3 mgkg at 40 feet. In the northem portion of 
the site, BSB-12 shows a similar vertical concentration profile: - 129 mgkg at 14.5 feet bgs; 

21.3 mgkg at 24.5 feet; 

9.24 mgkg at 34.5 feet; and 

0.0035 mgkg at 44.5 feet bgs 

As with the chlorinated compounds, a pattern of lateral transport is evident in data kom deeper 
soil. Indeed, xylenes appear to have migrated laterally along at least two coalescing trajectories. 
The westem-most occurrence is defined in part by data kom location BSB-4 (Figure 3-1) near the 
southern boundary of the site. In this boring soil samples kom 6.5 feet to 24.5 feet contain no 
detectable xylenes (with a single exception of 0.12 mgkg at 17 feet). Xylenes abruptly appear in 
deeper samples (4.88 mgkg at 34 feet and 4.72 mgkg at 40 feet bgs). A similar trend is observed 
at BSB-6 where the highest measured concentration of total xylenes is 55.8 mgkg at 40 feet. This 
occurrence appears to defme a northward migration of contamination that originated from the 
center of the site, in the vicinity of the pipe leak. This is an important observation because it 
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supports the fact that shallow groundwater flowed toward the north in the southern and central 
portions of the site, particularly when the water table was shallower than it was in 2003 (see 
Section 2). 

Toluene. Like xylenes, the dominant pattern in the distribution of toluene in soil is a vertical 
column in the center of the site (near the reported pipe leak) to a depth of approximately 30 feet. 
Between 30 and 40 feet, there is a pronounced shift to lateral migration, with the plume extending 
northward across the site (Figure 3-2). 

1,1,1-TCA. l,l,l-TCA has a high of 19,000 mgkg from a surface sample (RR-03) collected near 
the railroad spur along the western property boundary. In addition to scattered near-surface 
occurrences, Figure 3-3 shows three laterally-extensive zones that strongly suggest horizontal 
contaminant transport. The shallowest lateral zone is centered at BSB-17 at a depth of 14-20 feet 
where l,I,l-TCA concentrations range from 11.1 to 28.5 mgkg. The intermediate-depth lateral 
zone is found at a depth of 30 to 35 feet bgs. This lateral zone is more extensive and appears to 
originate, in part, from a southern off-site source on the McKesson property (see Figure 3-3). 

Finally, a deep lateral zone is localized on the southern boundary of the property and also appears 
to originate, in part, from a southern off-site source on the McKesson property. This occurrence of 
contamination is confiied to depths between approximately 40 and 44 feet bgs and is completely 
isolated from any shallower occurrences of 1,1,1-TCA on the former Angeles Chemical site. Data 

k%&ent soil borings confum the isolated nature of this zone of contamination. For example, at 
location.BSB-11, seven soil samples were collected and analyzed between 9.5 and 39.5 feet: all 
seven of the samples were non-detect for l,l,l-TCA (i.e., below the laboratory detection limit of 
0.005 mglkg). Yet I,l,l-TCA was detected in the samples from 42 and 44 feet at concentrations of 
2.85 and 0.98 mgkg, respectively. As discussed below, similar patterns are observed in this area 
for TCE and PCE. 

PCE. PCE has a high of 2,300 mgkg from a surface sample (RR-05) collected near the railroad 
spur along the western property boundary. Figure 3-4 illustrates the relatively widespread extent of 
surficial PCE impact. However, like 1,1,1-TCA, PCE exhibits a striking pattern of lateral transport 
in deeper soil. The deep lateral zone (discussed above in the l,l,l-TCA section) also contains 
PCE. This occurrence which appears to originate from a m  offsi is defined by soil 
profiles near the southern b o u n d a ~ ~  of the former Angeles Chemical<completely devoid 
of PCE until a depth of approximately 40 feet. For example, at location BSB-11, seven soil 
samples were collected and analyzed between 9.5 and 39.5 feet: all seven of the samples were non- 
detect for PCE (i.e., below the laboratory detection limit of 0.005 mgkg). Yet PCE was detected 
in the samples from 42 and 44 feet at concentrations of 1.95 and 0.18 mgkg, respectively. 

A more extensive lateral zone of PCE is found in soils of intermediate depth (25 to 30 feet bgs). 
This lateral zone of PCE impact also appears to originate o w  and extends to the 
northwest across the entire former Angeles Chemical site (Figure 3-4). This zone is defied by 
data from MW-1, BSB-17, BSB-7 and MW-6 and has PCE concentrations up to 90.9 mgkg. 

TCE. TCE is present in much lower concentrations than 1,1,1-TCA or PCE. The maximum 
concentration encountered at the former Angeles Chemical site is 105 mgkg from the 34.5 foot 
sample at location BSB-6 in the northwestern portion of the property. Figure 3-5 illustrates the 
extent of TCE impact in soil. Compared to PCE and 1,1,1-TCA, TCE exhibits a more muted 
pattern of lateral transport in deeper soil. However, like the other chlorinated compounds, there are 
unusual occurrences of TCE near the southern boundary of the former Angeles Chemical site in 
which soil borings are completely devoid of these compounds until a depth of approximately 40 
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feet. For example, at location BSB-1 I, seven soil samples were collected and analyzed between 
9.5 and 39.5 feet: all seven of the samples were non-detect for TCE. Yet TCE was detected in the 
42 foot sample at a concentration of 1.48 mglkg. Similarly, at location BSB-4, no TCE was 
detected between 6.5 and 34 feet bgs, but TCE was detected at 40 feet at a concentration of 2.35 
mgtkg. 

3.2 Groundwater 

3.2.1 Overview 

Concentrations of VOCs have been detected in groundwater beneath the Angeles and McKesson 
sites since monitoring was initiated (1986 at McKesson and 1991 at Angeles). The shallow 
groundwater beneath the former Angeles Chemical site has higher concentrations of VOCs, 
compound by compound, than does the deep zone. In fact, the mass of VOCs in the deep 
groundwater beneath Angeles is quite small and of limited extent. Concentrations of most detected 
VOCs are greater in the deep groundwater beneath the adjacent McKesson site than they are in 
either the shallow or deep zones beneath Angeles. Because shallow groundwater is not currently 
monitored beneath McKesson (except in SB-32 at the extreme northeast comer of the site) direct 
comparison of concentrations in shallow groundwater cannot be made, however, VOC 
concentrations in shallow groundwater in 1986 in monitoring well PIMW-1- near the McKesson 
AST area, were the highest ever detected in groundwater at either site (e.g. l,l,l-TCA at 880,000 
P P ~ ) .  

The nature and extent groundwater contamination beneath the former Angeles Chemical site is 
interpreted based on the new array of monitoring wells installed in 2002 and 2003. While the 
historic groundwater chemical data collected at both sites (Table 3-5) is useful, the analyses and 
discussions of this section focus primarily on the recently acquired 2nd Quarter 2003 data for the 
deep zone and the 3rd Quarter 2003 data for the shallow zone (BEII, 2003). The selection of these 
particular monitoring events for detailed analysis is based on the facts that the 2nd Quarter 2003 
sampling event was the most recent where Angeles and McKesson wells were sampled at the same 
time, and the 3" Quarter 2003 event is the fmt to incorporate newly installed shallow monitoring 
wells (MW-22 and MW-26) on the former Angeles Chemical site and is the most recent data a s  of 
this writing. Finally, 3" Quarter 2003 data is used for the three new deeper deep zone wells: MW- 
23, MW-24 and MW-25 because it is the only available data as of this writing. 

All detected compounds have been considered in our analysis, however for brevity, this discussion 
andlor instructive compounds as follows: 1,1,1- 

1.2-DCE, acetone, toluene, total xylenes, and 1,4-dioxane. 
are provided first, followed by deep groundwater 

interpretations (which includes data from the McKesson site), concluding with a summary. 

3.2.2 Shallow Groundwater Contamination 

Figures 3-6 through 3-14 show interpreted lateral extents of: l,l,l-TCA, TCE, PCE, 1,l-DCA, 
1,l-DCE, acetone, toluene, total xylenes and 1,4-dioxane in shallow groundwater based on 3" 
Quarter 2003 data. MW-8 and MW-19 were not analyzed due to the presence of free product. 
Examination of the figures gives the following observations. 

l,l,l-TCA (Figure 3-6) has a high of 4,510 pgil at the center of the site in MW-10 and is not 
present to the northwest (MW-11) or the northeast (MW-9 and MW-16). MW-26 (1,790 pgil) to 
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the southwest and MW-18 (420 pg/l) have significant concentrations while MW-12 (9 pgil) to the 
southeast does not. 

TCE (Figure3-7) has relatively high concentrations to the northeast (MW-16 @ 2,530 pg/l) and to 
the southwest (MW-26 @ 2,100 p g ) ,  is at low concentrations at the west (MW-9 @ 47 p g )  and 
southwest (MW-12 @ 8 pg/l) and is not detected at the center of the site at MW-10, MW-11 and 
MW-18. The absence of TCE in the center of the site may be due to a high rate of biodegradation 
in this area. This TCE "hole" corresponds with high concentrations of toluene and xylenes in 
shallow groundwater (see below). When aromatic and chlorinated compounds are present together 
in the subsurface, it is well established that the degradation rate of chlorinated compounds aromatic 
compounds can be accelerated because the aromatic compounds serve as a carbon source that 
induces a strongly anoxic condition which is conducive to microbial anaerobic dehalogenation. 

PCE (Figure 3-8) has a relative high of 2,930 pg/l at the southwest comer of the site (MW-26), 
concentrations of 273 pg/l (MW-16) and 131 pg/l (MW-9) at the northeast comer, a low 
concentration of 13 pg/l (MW-12) at the southeast comer, and is not detected at the center portion 
of the site (MW-10, MW-11 and MW-18). As with TCE, the absence of PCE in the center of the 
site may be due to a high rate ofbiodegradation due to the presence of relatively aromatic 
compounds in shallow groundwater in this area. 

1,l-DCA (Figure 3-9) has relatively high concentrations at MW-10 (47,400 p g )  and MW-11 
(43,000 pgll) and lower concentrations in tk.. surrounding wells that range from 505 to 7,040 pdl. 

cis-1,2-DCE (Figure 3-10) has a high of 15,900 pg/l in MW-18 and other relatively high 
concentrations in MW-10 (9,290 pg/l) and MW-11 (6,950 &I). Other surrounding wells range 
from 8 pg/l (at MW-12) to 2,130 pg/l (at MW-26). 

Acetone (Figure 3-11) has relative highs of 73,000 pg/l at the center (MW-lo), 24,500 pgll at the 
southwest comer (MW-26) and 44,200 pg/l at the south-central (MW-18) portions of the site. 
Acetone is detected at a lower concentration of 6,950 pg/l at the northeastem site margin (MW-11) 
and is not detected at all along the eastem boundary at MW-9, MW-12 and MW-16. 

Toluene (3-12) has relative highs of 13,800 pg/l (MW-10) and 10,500 pgil (MW-26) at the center 
and southwest comer of the site respectively. North (MW-11 @ 4,030 pg/l) and south (MW-I8 @ 
3,700 pgA) of MW-10 concentrations are an order of magnitude lower and toluene is not detected 
at all along the eastern site border at MW-9, MW-12 and MW-16. 

Xylenes (Figure 3-13) are similar in distribution to toluene, although at lower concentrations. A 
concentration of 6,870 pgil is the high at MW-26, with concentrations of 4,460 pg/l, 2,620 p d ,  
and 1,320 pg/l respectively at MW-10, MW-18 and MW-11. Xylenes are not detected or are very 
low in concentration along the eastem site boundary 

l,4-dioxane (Figure 3-14) while at relatively high laboratory detection limits this sampling event, 
was detected in MW-9 at a concentration of 7,150 pg/l 

In comparing these compound specific distributions, hvo distinct patterns can be discerned. 1,1,1- 
TCA, toluene and acetone are concentrated at the central part of the site and occur at the south- 
central, and southwestern comer of the site but do not occur along the eastem border (except the 
low concentration of 9 pg/l of 1,1,1-TCA at MW-12). The distributions of TCE and PCE are quite 

Former Angeles Chemical FaciliQ Page 14 



different in that thev onlv occur at the southwest comer and alone the eastern border and not along 
the central north tosoutl; corridor of the site (including MW-10,-MW-11 and MW-18). ~ ~ i n i o n s -  
regarding the cause of this 0bse~atioII are given subsequently in Section 4. 

3.2.3 Deep Groundwater Contamination 

Figures 3-15 through 3-23 show interpreted lateral extents of 1,1,1-TCA, TCE, PCE, 1,l-DCA, 
1,l-DCE, acetone, toluene, total xylenes and 1,4dioxane in deep groundwater based on znd Quarter 
2003 data. 

1,1,1-TCA (Figure 3-15) is detected in four of the six monitoring wells with the highest 
concentration at the south-central portion of the site at MW-21 (70 p g ) ,  with the other detections 
at MW-20 (25 pgil), MW-11 (1 1 pgil), and MW-14 (3 pgil) and is not detected in wells MW- 13 or 
MW-17. None of the three wells screened at the base of the aquifer (MW-23, MW-24 or MW-25) 
had any detections and because two of these wells (MW-24 and MW-25) are screened directly 
beneath MW-21 and MW-15, the vertical extent of 1,1,1-TCA beneath the former Angeles 
Chemical site is well characterized. 

The high of 70 pgil (MW-21) under the former Angeles Chemical site is four orders of magnitude 
lower than detections beneath the McKesson AST area, which range from 360,000 to 580,000 

TCE (Figure 3-16) is currently detected in all deep Angeles monitoring wells at concentrations 
ranging from 95 pgil (MW-21) to 4 pgll (MW-14). Concentrations along the southern margin of 
the site are somewhat higher than those in the central and northern portions. Very low 
concentrations (2 pg/l) were detected the new deeper wells MW-23 (at the northeast) and MW-24 
(south-central) and 20 pgil was detected in deeper well MW-25 (at the southwest). 

The high of 95 pgil (MW-21) under the former Angeles Chemical site is three orders of magnitude 
lower than that of detections beneath the McKesson AST area, which range from 25,000 to 33,000 

N". 

PCE (Figure 3-17) is currently detected in all deep Angeles monitoring wells at concentrations 
ranging from 161 pgil (MW-13) to 22 pg/l WW-14). Concentrations at the southeast of the site 
are somewhat higher than those in the central and northern portions. Very low concentrations (4 
pgil) were detected the new deeper wells MW-23 (at the northeast) and MW-24 (south-cenlral) and 
12 pgil was detected in deeper well MW-25 (at the southwest) which is lower than the 30 pgil 
detected immediately above in MW-15. 

The high of 161 pgil (MW-13) under the former Angeles Chemical site is two orders of magnitude 
lower than that of detections beneath the McKesson AST area, which range from 60,000 to 95,000 
~ g i l .  

1,l-DCA (Figure 3-18) has a relative high concentration in MW-21 (535 pg/l) and is detected 
between 12 and 107 pgil in three outer wells and was not detected in MW-14 and MW-17. Order of 
magnitude higher concentrations (1,800 to 5,100 pgil) are detected beneath the McKesson AST 
area. 
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cis-1,2-DCE (Figure 3-19) is detected at concentrations of 617 pgil in MW-15 and 1,060 pg/l in 
MW-21 and other wells ranged from 2 to 40 pgil while concentrations at the McKesson AST area 
were as high as 14,000 pgil. 

Acetone (Figure 3-20) is not detected in any of the deep monitoring wells at Angeles including 
deeper wells MW-23, MW-24 and MW-25. As seen in Figure 3-18, however, concentrations 
beneath the McKesson AST area are as high as 280,000 pg/l. 

Toluene (Figure 3-21) is detected only in deep well MW-20 (at the north of the site) at a very low 
concentration of 7 pg/l and is also not detected in the three deeper monitoring wells. As seen in the 
figure, however, concentrations beneath the McKesson AST area are as high as 18,000 pgil. 

Xylenes (Figure 3-22), similar to toluene, are not detected in any well except MW-20 where it had 
a concentration of 8 pg/l as compared to a high of 2,400 pg/l beneath the McKesson AST area. 

1,Cdioxane (Figure 3-23) was not detected in any deep monitoring well (including the three 
deeper wells) at the site (with variable laboratory reporting limits; see Table 3-5). Figure 3-23 
shows that concentrations beneath the McKesson AST area are as high as 12,000 &I. 

The distributions of these compounds in the deep groundwater can be classified into three distinct 
patterns: 1) acetone, toluene and 1,4-dioxane are not detected beneath the former Angeles 
Chemical site (the slight concen:ration of 7 pg/l toluene in MW-20 being the only exception); 2) 
TCE and PCE are detected at relatively low concentrations in all monitoring wells beneath 
Angeles; and 3) l,l,l,-TCA is detected at relatively low concenfxations in wells along the central 
south to north comdor of the site but not along the eastem margin nor in any of the three deeper 
wells (MW-23, MW-24 and MW-25).. Finally, as depicted Figures 3-15 through 3-23, all of these 
compounds occur at far greater (two to four orders of magnitude) concentrations to the south of the 
former Angeles Chemical site in deep groundwater beneath the McKesson AST area. 

3.3 Free Product 

Free product has been measured floating on water in several monitoring wells (MW-1, MW-6, 
MW-8, MW-16, MW-18 and MW-19,) at the former Angeles Chemical site. BE11 has analyzed 
samples of free product removed from MW-6 and MW-8. The product is a light non-aqueous 
phase liquid (LNAPL) consisting of petroleum hydrocarbons (812,000 mgil and 801,000 mgil 
TPH-gasoline, respectively) with smaller concentrations of chlorinated compounds dissolved in the 
product. This finding explains, in part, some of the differences in contaminant distributions 
between the Angeles and McKesson sites. In particular, the fact that concentrations in deep 
groundwater are orders of magnitude higher at McKesson compared to Angeles is probably due to 
the fact that releases at McKesson included dense non-aqueous phase liquids (DNAPLs) that sank 
through shallow groundwater and significantly impacted the deeper groundwater. 

We are not aware that McKesson or its consultants have reported the occurrence of DNAPL, 
however, chemical data from the McKesson site strongly suggests its presence. US EPA and 
others have published the "1% Rule" which states that fkee product is likely to exist in the 
subsurface whenever concentrations of an organic contaminant exceed 1% of the solubility of the 
pure contaminant. (U.S. EPA, 1992, Feenstra, MacKay and Cherry, 1991, Interstate Technology & 
Regulatory Council, 2003). The table below compares maximum concentrations in McKesson 
groundwater with contaminant solubility to show that PCE and 1,1,1-TCA greatly exceed the 1% 
solubility threshold and TCE, toluene and xylenes are also above the threshold. 
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Maximum 
Concentration in Solubility of Pure McKesson 

McKesson Occurrences as % Compound in Water (mgn)' of Solubility Groundwater (mgll) 
1.1.1-TCA 580 1,330 44% 

PCE 95 200 47% 
TCE 33 

Toluene 18 
xylenes2 2 175 1% 

'source: EPA, 1996 'Average of reported solubilities form-, o- & p- isomers. 

Conversely, the occurrence of LNAPLs at the former Angeles Chemical site explains both the 
accumulation of soil impacts at the former shallow water table (see Figures 3-1 and 3-2) and the 
strikingly low concentrations in deep groundwater. Due to density differences, the shallow water 
table acted as a barrier to further vertical migration of the LNAPL, thereby affording a degree of 
protection for the deep groundwater. (USEPA, 1996) 
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4.0 CONCEPTUAL MODEL 

4.1 Hydrogeology 

4.1.1 Overview 

The hydrogeology of the site is relatively complex and is significantly affected by sedimentary 
permeability contrasts and dynamic local surface and subsurface recharge. Evaluation of lithologic 
data clearly indicate at least two distinct sedimentary fabrics (or facies) in the upper 50 feet that 
have great effect on the movement of fluids in the vadose zone and the upper groundwater zone.. 
Opinions regarding the controlling nature of the fabrics are solidly corroborated by water level 
measurements taken throughout 2003. The deeper groundwater zone is less affected by these 
fabrics because of its relatively high transmissivity and co~ectivity to regional recharge I 
discharge. It is therefore less dynamic and predominantly influenced by the regional groundwater 
flow regime. 

4.1.2 Fabric of Hydrogeologic Units 

As introduced in Section 2, five hydrogeologic units have been identified in the upper 80 feet of 
site sediments: unit A is described as "overburden" and comprises fine to medium textured soils 
and tank backfill materials and extends from surface grade to about 15 feet bgs; unit B is a well 
defined clean sand and gravel bed that is laterally continuous from about 15 feet bgs down to about 
25 to 40 feet; unit C is relatively fine grained generally comprising silts or sandy silts that occurs 
generally from 25 feet down to 50 to 60 feet bgs, unit C is differentiated into a C1 upper subunit 
and a C2 lower subunit because of the unit D interbed; unit D is primarily silty sand beds that occur 
either between C1 and C2 (over about 80% of the former Angeles Chemical site), or between units 
B and C2 where there is no C1 (over about 65% of the combined Angeles and McKesson sites; 
finally, unit E is a well defmed coarse sand and gravel unit (referred to as the "A1 aquifer by other 
local investigators historically) that is the uppermost portion of the regional aquifer sequence. 

Based on the evaluated data, unit E always contains free water, unit D generally contains free water 
beneath the former Angeles Chemical site (and beneath portions of the McKesson site), while unit 
B only sometimes contains free water (currently only in a pocket at the center of the former 
Angeles Chemical site). Causal rationale for these observations, as well as interpreted water level 
contours come from a detailed examination of the geometric relationships behveen the units, or 
fabric. 

The geologic cross sections given in Section 2 provide clarity of the occurrence and relationships 
of the hydrogeologic units, however, these 2-,dimensional representations fail to convey the 
complexity and nuances of the hydrogeology. In order to gain a more detailed understanding of the 
hydrogeologic nuances, EVS visualization sobvafe was used to generate interpretations of the 3- 
dimensional geometry (structure) of hvo key hydrogeologic contacts: the base of unit B and the 
base of unit D. 

Figure 4-1 is a structure map of the bottom of unit B, which is a plan view contour map of the 
bottom surface of unit B (to aid in viewing, warm colors are added to represent relatively high 
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elevations and cool colors represent relatively low elevations). This structure map, which shows 
the combined Angeles and McKesson sites, shows a fabric indicative of paleo-stream deposition 
from the northwest to the southeast as evidenced by the trends of the two relative lows (green at 
McKesson and blue at Angeles). These two nearly parallel troughs are interpreted to be paleo- 
stream channels whose streams flowed from northwest to southeast and eroded into the older 
underlying sediments as they deposited the relatively coarse grained materials comprising unit B. 
Judging from the relative differences in elevation and trough depths, the trough under the former 
Angeles Chemical site was the master channel during this depositional period. Finally, if vadose 
zone flow and/or shallow groundwater flow is controlled by this surface, the net flow would be 
from the higher elevations under the McKesson site onto the lower elevations of the former 
Angeles Chemical site to the north. 

Figure 4-2 interprets the structure of the base of unit D (top of unit C2), which is lower and 
therefore older than unit B. Similar to Figure 4-1, this structure map shows the relative elevation 
highs to be in the southwest and lows in the northeast. However, the depositional fabric is clearly 
different, and is in fact about 90 degrees rotated such that the sense of flow, erosion and deposition 
are from the southwest toward the northeast. Four troughs separated by three ridges that run from 
southwest to northeast are also clearly evident, with the central trough being the most incised and 
probably the master channel locally. Finally, it is observed that this master channel of the base of 
unit D extends from directly beneath the former McKesson USTs and ASTs to the center of the 
former Angeles Chemical site and exits at the extreme northeast comer of the site. While dropping 
approximately 14 feet in elevation across this distance, there is an intra -channel depression of 
about 3 to 4 feet as the channel enters the southern border of the former Angeles Chemical site. 
This subtle feature likely has had a significant influence on recent (2003) shallow flow dynamics. 

Both of these distinct depositional fabrics are considered to have significant influence and control 
over the migration of fluids in the upper 50 feet of the subsurface as further illustrated below. 

Hydrogeologic units C1 and D exist between the two major controlling surfaces discussed above 
and their distributions also affect the flow of fluids in the subsurface. The interpreted 3-D 
geometries and relationships of these units are shown in Figure 4-3 which is an oblique view of the 
units "exploded" vertically from each other and unit C2. Clearly seen in this visualization are the 
erosional cuts through unit C1 (red) and unit D (yellow) beneath the former Angeles Chemical site 
and through unit D at the McKesson site, made during the deposition of unit B that indicate two 
nearly parallel channels that flowed from northwest to the southeast. Barely visible from this 
oblique angle is the southwest to northeast trending fabric cut into unit C2 (green). Two important 
observations made based on this visualization are: 

Fluid flowing downward by gravity from the McKesson USTs and ASTs would encounter 
limited fmer grained materials until reaching unit C2. 

Fluids flowing downward from the unlined channel between the two sites would encounter 
fine-grained unit C1 (red) at the eastern portion of the channel's run and be retarded in 
vertical flow and would subsequently migrate horizontally to the north along the dipping 
upper surface of unit Cl .  

A map view of these three units is given in Figure 4-4. This perspective shows that fluid. 
migrating downward through the permeable sands and gravels of unit B encounter either unit C1, 
D, or C2 depending on their point of entry from the surface. At areas where unit C1 (red) is 
encountered, such as beneath the drainage channel, and unit C2 (green) is encountered, such as 
beneath the McKesson USTs and ASTs, downward flow would be significantly retarded and 
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horizontal flow would dominate as controlled by the slope of these retarding surfaces. Similarly, 
although less pronounced (because the permeability contrast with unit B is less), the upper surface 
of unit D (yellow) would also retard downward flow and cause a stronger horizontal flow 
component. 

Another important conclusion illustrated by Figure 4-4 is that, while most of the eastern run of the 
unlined drainage channel between the two sites is underlain by unit C1 (red) which would generally 
divert rechar& from the channel to the north, direct recharge of unit D can occur along thelast 40 
feet before the culvert under Sorenson Avenue. As discussed in Section 3, well hydrographs and 
shallow zone groundwater contour maps corroborate this as a significant recharge point. 

In summary, there are two distinct fabrics, from northwest to southeast at the base of unit B and 
from the southwest to the northeast at the base of unit D (top of unit C2), that, because of 
permeability contrasts, control fluid flow in the upper 50 feet beneath the sites. Oblique views of 
these surfaces are shown in Figures 4-5 and 4-6 respectively. These controlling elements are the 
structural basis of the conceptual hydrogeologic model whose influence on the movement of water 
and contaminants is validated by data and interpretations discussed in the following subsections. 

4.1;3 'Shallow Groundwater Occurrence and Flow 

Shallow groundwater currently occurs primarily in unit D, with two limited occurrences (MW-10 
and MW-12) in unit B at points where the deposition of unit B eroded deeply into units C1 and D. 
Based on the recovery of relatively dry soil samples in unit C2, beneath unit D, it is surmised that 
unit C2 is not generally saturated and therefore generally not in direct hydraulic communication 
with the deep groundwater in unit E. As mentioned above, there is evidence that at times of greater 
recharge, the surface of the shallow groundwater was higher and within the relatively coarse sands 
and gravels of unit B. As discussed in Section 2, based on historic water level measurements, the 
shallow groundwater is quite dynamic and responds rapidly (raising or declining) to differences in 
recharge. 

Contour maps of the shallow groundwater were presented in Section 2 that showed highs at the 
northwest and southeast site margins and relative lows at the south and northeast. These features, 
when considered together, form a hyperbolic paraboloid, or saddle geometry. Illustrating this 
observation is Figure 4-7 which superimposes water table ridge and trough axes from the twelve 
2003 shallow zone contour maps (Figures 2-15,2-16 and 2-17). Clearly depicted in the figure are 
the facts that the axes of the troughs are nearly coincident and occupy a narrow corridor trending 
northwest to southeast. Similarly, the trough axes are tightly clustered and occur in a narrow 
corridor that trends southwest to northeast. These geometries indicate recharge of the shallow 
groundwater from northwest and the southeast and discharge to the southwest and northeast. 

Figure 4-8 shows the relationship of these shallow groundwater ridge and trough corridors to the 
depositional troughs discussed above in the section on hydrogeologic fabric. There is a close 
alignment of the water table ridge corridor with the structural1 trough at the base of unit B. 
Similarly, there is close alignment between the water table trough alignment and the structural 
trough at the top of unit C2. These alignments are strong evidence that these lithologic structures 
are in fact controlling the flow of water in the shallow sediments (upper 50 feet) of the site. 
Specifically, these relationships imply that the shallow groundwater is being recharged through unit 

' The term "structural trough" is used here to differentiate lithologic features fmm groundwater features. The 
term is not intended to imply a structural or tectonic geologic origin for the troughs: as described in Section 
4.1.2, the troughs in unit B and unit C2 are likely depositional features. 
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B at the southeastern comer of the site (near MW-12) and through units D and/or B near the 
northwestern margin of the site (near MW-6) and that movement within unit D is therefore toward 
the center of the site (from the northwest and the southeast) and to the northeast and to the 
southwest away from the recharge corridor as controlled by the structure of the top of unit C2. 

Figure 4-9 again shows the surface of unit C2 and illustrates the likely cause of the relatively 
complex shallow groundwater flow interpreted from data in 2003. Interpretive arrows on the figure 
show the interpreted southwest and northeast flow from this central point with respect to the 
observed groundwater surface trough and the underlying controlling sbucture of the top of unit C2. 
Based on these relationships it appears that the southwest and northeast flow components are 
caused by the geometry of the primary structural trough in unit C2. At relative low periods of 
annual recharge, like currently, the flow of recharging shallow groundwater having confluence near 
the center of the site becomes controlled by the shown topographic surface, that is, to the southwest 
and to the northeast from this central point. As seen in the figure, the inferred southwestern flow is 
caused by the local structural depression at the central portion of the southem border of the former 
Angeles Chemical site (near MW-18 and MW-21). The flowldischarge of shallow groundwater 
much further to the southwest petween Angeles and McKesson and/or beneath the McKesson site) 
would not be possible based on the shown, more elevated structure in this direction. Based on 
these considerations it is concluded that shallow groundwater flow currently "dead ends" or pools 
in this depression and does not migrate further to the southwest. Further migration of fluids 
thereby trapped in this depression does not occur until recharge is greater, the water table is higher, 
and the overall flow as controlled by the structure (the master trough) is from southwest to 
northeast as illustrated thematically in the figure. 

As is also illustrated in Figure 4-9, it is considered likely that shallow groundwater currently 
beneath the former McKesson Chemical site flows northward in the subsurface along this structural 
trough onto the Angeles site. 

In addition to influencing flow dynamics of the shallow groundwater, the structural surface of the 
top of unit C2 also controls the lateral extent of shallow groundwater. With the exception of the 
extreme northeast comer of the McKesson site (at MW-32) shallow groundwater is not currently 
detected beneath the McKesson site, however, it is indicated to occur beneath most of the former 
Angeles Chemical site. This is because, in concert with recent low recharge, the lateral extent of 
the shallow groundwater is controlled by the structure of unit C2. Figure 4-10 again shows the C2 
upper surface, this time emphasizing the relationship of it's geometry to the observed and inferred 
margins of the shallow groundwater. Currently, the margin of the shallow zone is interpreted to be 
generally coincident with the 115-foot msl contour of the C2 surface, as shown in Figure 4-10. The 
areas to the north of the 115-foot elevation line (shaded blue and green) are interpreted to contain 
and control shallow groundwater, while the areas to the south (shaded yellowish green, yellow, 
orange and red) are interpreted to not currently contain shallow groundwater. 

This interpretation is strengthened by data from several shallow monitoring wells installed in 2003 
at the southern margin of the former Angeles Chemical site and the northern margin of the 
McKesson site. As shown in the figure, the two new shallow Angeles wells (MW-22 and MW-26) 
are on the "wet side" of the 115-foot contour, while all of the five new McKesson wells (MW-08s 
through MW-12s) are on the "dry side" (McKesson well MW-09s, while northeast of the primary 
115-foot contour line, is coincident with a high point of a structural ridge, thus is also above 
elevation 115). The fact that soundings since their mid-2003 installation indicate groundwater in 
the Angeles wells and none in the McKesson wells agrees perfectly with the hypothesis that the 
115-foot contour line of the upper surface of unit C2 defines the lateral extent of shallow 
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groundwater and further indicates that the C2 surface controls occurrence of shallow groundwater 
beneath the sites. 

To conclude this discussion of the conceptual hydrogeologic model of the shallow groundwater 
zone, Figure 4-1 1 is provided which is a long south to north cross section that depicts the 
interpreted hydrogeology beneath both sites. The cross section in Figure 4-1 1 has a slightly 
different alignment than the one in Figure 2-5 and more closely follows the trend of the master 
trough in the surface of unit C2. From this view (to the northwest) the unit B trough (trends 
northwest to southeast) is obvious at the center right of the diagram where unit C1 (red) is 
separated. Also clearly illustrated, as the contact between the yellow (unit D) and green (unit CZ), 
is the sloping geometry of the master trough in the top of unit C2. Another important geometric 
feature is the southern terminus of unit C1 (red) visible at the left central portion of the figure, 
directly beneath the unlined drainage channel. 

Interpretive arrows in Figure 4-1 1 illustrate theorized flow from the unlined drainage channel and 
from beneath the McKesson AST area, as well as the southwestward flow in unit B observed in the 
2003 water level interpretations discussed above. The flow dynamics resulting in these flow 
directions and recharge influences are discussed in the following bullets. 

Recharge from the Unlined Drainage Channel migrates downward and away from the 
channel in both directions through units A and B until reaching the finer textured soils of 
units C1 and D which impede W e r  downward flow. Some of the water ponding on the 
top of unit C1 (red) then migrates to the north along this surface in unit B in response to 
gravity and slowly drains into the trough cut into C1 and D (base of unit B trough that runs 
northwest to south east). Water from the channel can also directly recharge unit D as it 
ponds at the base of unit B beneath the channel due to the pinchout of unit C1 at the 
channel, thus exposing the medium textured (silty sands) unit D (yellow) to water from the 
channel in unit B. The ponding head in unit B drives some of the channel recharge into 
unit D where it migrates downward until hitting the contact with C2 (green) which, 
because of its fine grained-texture, impedes downward flow and directs flow along this 
surface, down slope to the north. Currently, with the shallow water table and relatively 
low recharge (less than normal for the last several years) these flow dynamics are likely 
transient in nature and include both saturated and unsaturated flow components. 

Flow from McKesson to the North is also depicted by an interpretive arrow in Figure 4- 
11. Downward migrating fluids from the McKesson site such as releases from the ASTs 
andlor USTs or from seepage from impoundments would encounter and flow down into 
unit D (yellow) and also flow to the north, beneath the former Angeles Chemical site, 
along the sloping surface of unit C2 (green) due to its fmer-grained texture. While such 
flow may not always occur, it is important to note that even in times where the shallow 
water table is higher than it is currently and is in unit B (light blue), chlorinated solvent 
product leaking from McKesson ASTs and USTs could also flow toward the former 
Angeles Chemical site by this indicated path due to its relatively higher density than water. 

= Southern Flow in Unit D (yellow), as illustrated by an arrow at the right central portion of 
Figure 4-1 1, is interpreted to currently occur based on water level observations in 2003. 
This transient phenomenon is caused by the relatively low current shallow water table, 
local recharge of the unit B (light blue) sand zone at the southeast and northwest margins 
of the former Angeles Chemical site, and the slight depression of the unit C2 (green) 
surface at this point of the though. As illustrated by the arrow, waters recharging unit D 
(yellow) through unit B (light blue) near the center of the former Angeles Chemical site 
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seems to currently flow to the south along the C2 surface. Once reaching the slight 
depression in unit C2 (at MW-18) southward migration ceases A d  fluids collect in this 
depression. Notwithstanding this transient localized southern flow component, overall 
flow in the shallow groundwater is primarily controlled by the surface of unit C2 (green) 
and is down slope to the north. 

Finallv. there are two strone ~ ieces  of data that confnm that the water table was sienificantlv < .  - A  - 
shallower in the late 1970s and early 1980s, which could have facilitated substantial migration of 
contaminants from the McKesson AST area and the unlined drainage channel to beneath Angeles. 
First, the precipitation chart given in Figure 2-14 (bottom chart) shows that during most of the 
operational period of McKesson (1976 to 1986) average annual precipitation was higher than it has 
been for the last 20 years, causing higher recharge and presumably a higher water table than 
observed currently. Second, in 1986 McKesson Environmental measured water level elevations 
between 120 and 123 feet in several shallow zone wells (now referred to as "PIMW-1 through 4") 
at the AST area indicating a water table at least 5-feet higher than it has been in 2003, and that 
shallow groundwater has occurred directly beneath the McKesson AST area. Of note, analysis of 
groundwater samples (1986) detected the highest concentrations ever detected at either site for 
several VOCs (880,000 ~ g i l  of 1,1,1-TCA for example). 

4.1.4 Deep Groundwater Occurrence and Flow 

The occurrence and flow of deep groundwater at the site is far less complicated than that of the 
shallow zone. Because of its fine-grained texture, unit G2 contxols the flow dynamics in the 
shallow zone and acts as an aquitard between the shallow and deep zones. The contact between 
unit C2 and unit E (which comprises relatively coarse clean sands) defines the top of the deep 
groundwater zone. The base of this aquifer is defined by the top of a silt unit that generally occurs 
between 70 and 80 feet bgs. The aquifer is therefore relatively thin and ranges from about 25 to 35 
feet thick across the sites. Based on all regional, historic, and recent data reviewed, flow of the 
deep zone beneath the Angeles and McKesson sites is consistently from the east-northeast to the 
west-southwest. This is consistent with regional recharge and discharge dynamics. 

Figure 4-12 provides a composite of interpreted flow directions based on water level measurements 
taken in deep wells at both sites historically. As illustrated on this map, flow is always 
southwesterly and generally to the west-southwest, consistent with regional observations. 

As discussed in Section 2, site hydrographs show that seasonal variations and response to specific 
precipitation events in deep zone wells is fairly rapid and more or less in concert with responses in 
the shallow zone. It is hypothesized that the relatively rapid response to precipitation events in the 
deep zone is predominantly related to regional recharge from off site to the northwest and generally 
not reliited to recharge from the unlined drainage channel between the sites or other site areas. 
However, some, relatively small volume of recharge to the deep zone beneath the sites from the 
shallow zone is possible. 

4.2 Contaminant Fate and  Transport  

4.2.1 Vadose Zone (Including Shallow Groundwater) Transport 

As discussed in some detail in Section 3, there are two distinctive modes of transport apparent from 
the soil data at the former Angeles Chemical site. For occurrences that include near-surface 
impacts (locations along the railroadspur and the center of the site near the reported release from a 
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broken pipe) the distribution of volatile organic compounds suggests a predominantly vertical 
transport mechanism and concentrations that attenuate with depth. This pattern is typical of vadose 
zone transport. Migration appears to be predominantly vertical through the shallow, coarse-grained 
stratigraphic units A and B. There is also an indication of limited lateral dispersion at the upper 
contact with the finer-grained sediments of unit C. This phenomenon is also typical of contaminant 
behavior in the vadose zone where transient saturated conditions andlor wicking due to capillaxy 
forces can give rise to widening in a zone of impact that has an otherwise relatively consistent 
diameter. 

The second mode of transport is essentially lateral in orientation. This pattern of lateral transport is 
a vivid reminder that migration of contaminants under hydrogeologic conditions that no longer 
prevail can leave patterns of residuals in the vadose zone whose provenance may be difficult to 
explain. The lateral zones of xylene and toluene in intermediate depth soil (approximately 30 feet 
bgs) near the center of the site are likely the result of saturated flow during periods when the water 
table was shallower. Importantly, this lateral transport is oriented strongly toward the north and 
northwest, confirming the interpretations of shallow groundwater dynamics. The lateral zones of 
1,1,1-TCA and PCE impact at intermediate depths (15 to 30 feet bgs) are also likely the result of 
saturated flow during periods when the water table was shallower and stratigraphic zone B was 
more completely saturated than it is today. 

The deeper instances of lateral transport of 1,1,1-TCA, PCE, xylenes (and other organic 
compounds) represent zones that are currently below the water table. The principal deep zone of 
lateral impact exactly coincides with the main trough in the base of zone D (see Section 4.1.2, 
above). This is the trough that extends from the major release area on the McKesson site (the 
USTs and AST area) formerly at McKesson to the center of the former Angeles Chemical site. It 
appears that the SW-NE trending fabric of unit D controls-to a large degree the  distribution of 
contaminants in deep soil at the former Angeles Chemical site. Deep transport may have been 
initiated by density-driven flow of DNAPL from McKesson releases or from more diffuse transport 
of dissolved contaminants or a combination of both. 

These observations show that the dynamic nature of the shallow groundwater zone and the 
geometry of the hydrogeologic units exert strong influence over the transport of contaminants in 
the vadose zone. Illustrating this control are Figures 4-13 through 4-15 which show the same 10 
mgkg concentration interpretations given in Section 3 (for 1,1,1-TCA, PCE and toluene), however, 
this time they are colored to show the bydrogeology. These figures show soil impacts spatially 
with respect to the geometry of the hydrogeologic units. Based on these interpretations the 
following observations are made. 

Figure 4-15, which shows the interpreted extent of toluene (>I0 mgkg), shows that there is a 
vertical continuum of toluene through hydrogeologic units A through D in the south central portion 
of the site (most clear in the lower image of the figure which is a lateral cross section view). As 
mentioned above, this distribution is likely the result of a documented on-site leaking pipe source. 
Generally northward lateral migration is evident in unit B (light blue) and unit C1 (red), which 
would be expected since unit C1 is relatively fme-grained and impedes vertical flow. Of particular 
note no southward migration within any unit is indicated. Also the control of the structural troughs 
seem quite evident, especially the south to north trending trough in the top of unit C2 which is 
coincident with the lower margin of the extent of toluene in the lower image. 

In contrast to toluene, the distribution of 1,1,1-TCA, as depicted in Figure 4-13, indicates 
predominantly lateral transport at depth that is not obviously associated with any known on-site 
sources. The largest area of impacted soil is the thin but long occurrence that trends from south to 
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north at the deepest elevation (about 120 feet above msl). These impacts occur primarily within the 
fine-grained unit C1 (red) and to a lesser extent the overlying base of unit B (light blue) and 
underlying top of unit D (yellow) indicating lateral flow along the unit C1 surface. Similar to 
toluene shown in Figure 4-15, the depth, orientation, and geometry of these deeper 1,1,1-TCA 
impacted soils are consistent with the noted structural troughs, demonstrating how they affect 
contaminant migration as well as the shallow groundwater flow regime. 

Finally, based on the interpreted toluene transport (down from source and then laterally northward) 
scenario, it is likely that the significant lateral impacts of l,l,l-TCA at about 30 feet bgs (elevation 
120 feet), are the result of northward migration as controlled by the hydrogeologic structure, 
potentially from off-site sources to the south. 

4.2.2 Deep Groundwater Zone Transport 

In contrast to the complexity of transport in vadose zone and shallow groundwater zone, transport 
in the deep groundwater zone (unit E) is quite straightforward. The lateral movement of 
contaminants is controlled by the consistent west-southwest flow direction indicated by all 
reviewed historic water level data sets (including the 12 reported herein for 2003). Vertical 
transport from the top to the bottom of the approximately 30 foot thick unit E seems quite limited 
based on data from the new deeper monitoring wells that are screened at it base (MW-23, MW-24 
and MW-25). Down gradient deeper wells MW-24 and MW-25 are adjacent to (paired with) MW- 
21 and MW-15 respectively. 

Based on the interpretations provided in Section 3 (Figures 3-15 through 3-23) the following 
compound-specific fate and transport related observations are made considering MW-15 and MW- 
21 to be down gradient monitoring points for the top of the deep zone and MW-24 and MW-25 for 
the bottom of the deep zone: 

1,1,1-TCA increases over the site from ND to 11 pg/l (MW-15) and 70 I*&n (MW-21) at the top of 
the zone while it is ND in all three deeper wells. 

TCE is interpreted to increase only slightly across the site from up-gradient concentrations of 7 
pg/l (MW-17) and 73 pgA (MW-13) to down-gradient concentrations of 14 pg/l (MW-25) and 95 
pg/l (MW-21). A concentration of 20 pg/l at MW-25 suggests some downward transport with 
respect to MW-15 and some increase across the site with respect to up gradient deeper well MW- 
23 (2 pg/l). In conhast, the 2 pgA in deeper well MW-24 shows little downward migration there 
with respect to MW-21 (95 p g ) .  

PCE seems to be virtually static across the site with up-gradient concentrations of 36 pgfl (MWS- 
17) and 161 pg/l (MW-13) and down-gradient concentrations of 30 pg/l (MW-15) and 159 pfl 
(MW-21). Deeper unit E data indicate a slight increase across the site based on an upgradient 
concentration of 2 pgA at MW-23 and a down-gradient detections of 12 pgfl at MW-25 and 4 pgfl 
at MW-24. Again, downward migration seems limited, especially at MW-24 (4 pgA) as compared 
to MW-21 (159 p H )  immediately above. 

Toluene is not detected in any deep well except MW-20 where it was measured at 7 pgA. Neither 
Acetone nor 1,Cdioxane are detected in any deep well. 

As highlighted in Section 3, the concentrations of these contaminants in the aeep groundwater zone 
(unit E) are two to four orders of magnitude higher beneath McKesson than those detected beneath 
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Angeles. In consideration of this fact, the following three conclusions are made regarding the 
transport of contaminants in deep groundwater beneath the former Angeles Chemical site: 

VOCs detected in down-gradient Angeles wells (MW-15 and MW-21) could have 
been transported cross-gradient and upgradient fkom the high concentration plume 
beneath the McKesson AST area by dispersion considering relevant physical 
parameters (hydraulic conductivity, retardation, gradient and flow). 

The concentrations of VOCs detected beneath the former Aneeles Chemical site are 
relatively low as compared to background concentrations @zed to the Omega 
plume. ---_ 
/----- 

Notwithstanding the fact that the deep zone (unit E) is quite thin (about 30 feet in 
thickness), the downward migration of contaminants through these coarse-grained 
materials seems, in general, to be negligible 
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5.0 CONCLUSIONS 

To summarize the major points of this report, a number of conclusions regarding the occurrence of 
contaminants beneath the former Angeles Chemical site are provided in this section. These 
conclusions are based on the data, interpretations and discussions presented above in Sections 1 
through 4. 

Elevated concentrations of VOCs (including I,l,l-TCA, TCE, PCE, acetone, toluene and 
xylenes) occur in site soils and the shallow groundwater zone. 

Based on their distribution, several of the VOC impacts observed in soil and shallow 
groundwater at the site likely have on-site sources such as the spill tank line leak 
(documented by SCS, 1994) and incidental spillage along the rail spur. However, the 
contaminant distribution also suggests that a significant mass of VOCs has migrated 
through the subsurface to the former Angeles Chemical site from the adjacent McKesson 
site. 

Groundwater occurs in two discrete hydrogeologic units beneath the site: a shallow 
(perched) body, currently at about 30 to 35 feet bgs, which extends under much of the site 
and to a lesser extent under McKesson; and a deep body at about 45 to 55 feet bgs that is 
interpreted to be the top of a regional aquifer system. Groundwater levels fluctuate in 
response to seasonal and multi-year variations in rainfall. In the mid to late 1980s shallow 
groundwater was as much as 15 feet higher than today. 

While the shallow groundwater has elevated VOC impacts including free product 
(LNAPL), the Angeles site has a de minimus contribution to the deep groundwater impacts 
(highest concentration currently is 161 pgA which is at an up-gradient location). Further, 
recent deeper samples indicate that little downward contaminant migration has occurred in 
the deep groundwater beneath the site. 

Concentrations of most VOCs in deep groundwater are two to four orders of magnitude 
higher beneath the McKesson AST area than beneath the former Angeles Chemical site. 
Based on fundamental principals of hydrology and the transport of chemicals in 
groundwater, the high concentrations in the deep groundwater beneath McKesson did not 
migrate there from Angeles, however, the low concentrations in the deep groundwater 
beneath Angeles may have migrated there either from an upgradient source, or from 
beneath the M m  by d l s p e p  

The flow direction of the deep groundwater unit is consistently to the west-southwest 
beneath Angeles and McKesson. However, the flow in the shallow zone is variable and is 
controlled by the complex dynamics of local recharge and the hydrogeologic fabric. Water 
levels measured in 2003 indicate a saddle shaped water table where recharge fiom the 
southeast and northwest caused flow toward the center of the site, and discharge to the 
northeast and southwest caused flow away from the center of the site. It is hypothesized 
that this flow geometry is transient and would not be observed in times of higher recharge 
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(2003 had lower precipitation than normal) when the shallow water table would be 
expected to be higher. 

The shallow hydrogeology of the site, while complex, is well understood based on data 
from over 156 sampling locations. These interpretations indicate there are at least two 
distinct structural fabrics that resulted from sedimentary depositional dynamics. The 
shallower trend is from northwest to southeast and is exemplified by a deep paleo-channel 
in a shallow sand and gravel unit (unit B). About 10 to 15 feet deeper the fabric trends 
from the southwest to the northeast as exemplified by a steep paleo-channel in the fme- 
grained layer (unit C2) that separates the vadose zone from the deep groundwater zone. 
These fabrics control the flow of fluids in the vadose zone and therefore the distribution of 
contaminants in soil and shallow groundwater. 

The control of these two structural troughs on flow dynamics is evidenced in the saddle- 
shaped shallow water table geometry, where a relative ridge trending northwest to 
southeast is coincident with the upper (northwest to southeast) fabric, and a relative trough 
trending southwest to northeast is coincident with the lower (southwest to northeast) fabric. 

In addition to these controlling features, a shallow fine-grained unit (unit C1) also 
influences flow in the vadose zone because of its downward slone to the north and its 
interpreted occurrence beneath the unlined drainage channel that runs between Angeles and 
McKesson. Recharge to the shallow groundwater from the unlined drainage channel likely 
occurs on this surface and contamin& from beneath McKesson and from the unlined 
drainage channel have similarly migrated along this path. This conclusion is corroborated 
forensically by VOC soil impacts that indicate contaminant transport from south to north 
on the C1 surface. 

Highly contaminated shallow groundwater likely occurs beneath the northeastern quadrant 
of the McKesson site most of the time. Shallow monitoring wells (MW-8s through MW- 
12s) that were recently installed at McKesson would not be expected to contain shallow 
groundwater at this time based on their locations with respect to the structure of the lower 
controlling surface (top of unit C2) and the relatively low water table. This currently 
unmonitored contaminated groundwater, likely flows to the northeast and impinges on the 
Angeles site. 

Finally, the inferred flow dynamics in the vadose zone (including the shallow groundwater 
unit) in concert with the documented historic occurrence of highly impacted (880,000 pg/l 
of l,l,l-TCA for example) shallow groundwater beneath the McKesson AST area and 
forensic soil chemistry data lead to the conclusion that VOCs have migrated from the 
McKesson AST area to the north and into the Angeles subsurface and that such migration 
could still be occurring. The northward migration of DNAPL from the McKesson AST 
area possibly also occurred based on the high dissolved concentrations detected in the 
shallow groundwater there historically and the high concentrations detected there currently 
in the deep zone (580,000 pg/l of l,I,l-TCA for example). 
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Table 3-2 
SVOCs in Soil 
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Table 3-4 
Metals in Soil 
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All values reported in units of rnglkg. 



Table 3-5 
VOCs in Groundwater 
Former Angeles Chemical Site 

Table 3-5: VOCr in Groundwater 
Page I of 4 



Table 3-5 
VOCs in Groundwater 
Former Angeies Chemical Site 

Table 3-5: VOCs in Gmondwafer 
Page 2 of 4 



Table 3-5 
VOCs in Groundwater 
Former Angeles Chemical Site 

Table 3-5: VOCs in Gmundwafei 
Page 3 O f 4  



Table 3-5 
VOCs in Groundwater 
Former Angeles Chemical Site 

Table 3-5: VOCs in Gmondwater 
Page 4 of4 





I 

L 

s h a ~  E & 1 

Angeles Chemical Company Site 
Santa Fe Springs. CA 

Site Characterlzatron 
February 2004 

Figure , -, 
Site Location Map 
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Neighboring Sites with Environmental Issues 
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Figure 1-4 

Regional Hydrogeologic Cross Section 



1 Explanation 
Basemap Features 

Unlined Drainage Channel 
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@ Mon~toring Well 

A Soil Boring 
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Santa Fe Springs, CA 
Angeles Chemical Company Site 

Site Characterization Report 
February 2004 

Figure 1-5 
Map of Investigative Locations 



Explanation 
Basemap Features 

Unlined Drainage Channel 

o CPT 

a Monitoring Well 

I A 
Soil Boring 
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1 Feet 

Shaw@ Shaw E & I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 

Figure 2-1 
Map of Investigative Locations 
Including McKesson Site 
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Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization 
February 2004 

Figure 2-2 

Hydrogeologic Classification Matrix 



I Explanation 
I 

I 0 Monitoring Well 

- Basemap Features 

Unlined Drainage Channel 

Cross-Section Lines 

0 30 60 120 180 -* Feet 

Angeles Chemical Company Site Figure 2-3 

Site Characterization Report Map Showing Lines of 
Shawn shaw E & I February 2004 Cross Section 



Explanation 

Hydrogeologic Units 

Unit A-Fill to silty sand to clayey silt 
Unit B-Sand 

Unit C1-Silt 

Unit D-Silty sand Well and screen interval 

Unit C2-Clayey silt 

Unit E-Sand 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
 haw E & I  I February 2004 1 

Figure 2-4 
Cross Section A-A' 
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Explanation 1 
Hydrogeologic Units 1 

UnitA-Fill to silty sand to clayey silt 
Unit B-Sand 

Unit C1-Silt 

Unit D-Silty sand Well and screen interval 

Unit C2-Clayey silt 

Unit E-Sand 

l Shawm s h a ~  E & I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 

Figure 2-5 
Cross Section B-B' 
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Unit A-Fill to silty sand to clayey silt 

Unit 6-Sand 

Unit C1-Silt 

Unit D-Silty sand Well and screen interval 

Unit C2-Clayey silt 
$ 

Unit E-Sand I 
Shaw E & I 

Angeles Chem~cal Company S~te 
Santa Fe Spr~ngs, CA 

S~te  Character~zat~on Report 
February 2004 

Figure 2-6 
Cross Section C-C' 
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I Explanation 

/ Hydrogeologic Units 1 
Unit A-Fill to silty sand to clayey silt 

Unit 6-Sand 

Unit C1-Silt 

Unit D-Silty sand Well and screen interval 

Unit C2-Clayey silt 

Unit E-Sand 

L Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 . 

Figure 2-7 
Cross Section D-D' Sha\nr@' Shaw E & l 
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Hydrogeologic Units 
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Unit D-Silty sand Well and screen interval 

Unit C2-Clayey silt 

Unit E-Sand 

i 
i 
! 

,.. . <? ... .. _ 1  :,. .%. 
&,;:.Ls ,.-:; - - - ., -:w 

U D 73 
a, 0 "*' .,-.., 
c F c < !... ~~ 

0 0 c C '.. 
-0 

0 - z c c 2  

m 8 m m 
4: 

12 11 Q 
a d  LO in NQ G* - TIN 
N;; N - hl;; *II r7 

10 I I I 0  ; ; I l l  I I  3s 3 3 33  g3i& %=% 
T T T  West 75  
I  I I =  

rr East 
E 6 4  Q Q ~d = I I I  < <<< ;.k E' 

I I 

s h a ~  E & I 

Angeles Chern~cal Company Slte 
Santa Fe Spr~ngs, CA 

S~te Character~zat~on Report 
February 2004 

Figure 2-8 
Cross Section E-E' 



Explanation 

Hydrogeologic Units 

Unit A-Fill to silty sand to clayey silt 
Unit B-Sand 

Unit C1-Silt 

Unit D-Silty sand 

Unit C2-Clayey silt 

Unit E-Sand 

Angeles Chemical Company Site 
Santa Fe Springs, CA Figure 2-9 

/ She@' shaw E s I 
Exploded 3-D Visualization of 

February 2004 
Hydrogeologic Units 



Explanation 
--- Basemap Features 

- Unlined Drainage Channel 

0 Abandoned Wells 

I . Shallow Wells 1 1 
* Deep Wells 

A Deeper Wells 

! i a Deepest Wells 
I 

0 50 100 200 300 
0 1  Feet 

I 

Angeles Chernlcal Company S ~ t e  Figure 2-10 
Santa F e  Sprlngs, CA 

Slte Character~zat~on Repoit 
Site Map Showing 

shaw E & 1 Februarv zoo4 Groundwater Monitoring Wells 



Groundwater Elevation Measurements for 
Angeles Chemical, Sante Fe Springs, CA 
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February 2004 

Figure 2-1 1 

Monitoring Well Hydrographics 



Groundwater Elevation Measurements - 
Shallow Zone Wells 

Angeles Chemical, Sante Fe Springs, CA 

Date 

Angeles Chemical Company Site 
Santa Fe Springs, CA Figure 2-12 

Site Characterization Shawm Shaw E I Februaly zoo4 
Shallow Monitoring Well Hydrographs 



Groundwater Elevation Measurements -Deep Zone Well 
Angeles Chemical, Sante Fe Springs, CA 

Date 

Shaw* Shaw E & I 

Angeles Chemkal Company Site 
Sirnta Fe Springs. CA 

Site Characterizat~on 
Februaly 2004 

Figure 2-1 3 

Deep Monitoring Well Hydrographs 
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Angeles Chemical Company Site 
Figure 2-14 

Site Characterlzation Preapltabon Data 

,shak~" s h a ~  E & I February 2004 



Explanation N 
A 

@ Well and  water level 1 - Interpreted line of equal elevation 
- 

i l ~ ~ l  50 100 200 300 Feet 

~i~~~~ 2-1 5 
Shallow Groundwater Contours 
February. March, and April 2993 s h a ~ "  Shaw E & I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 



I N I Explanation 1 

' I  - Interpreted line of equal elevat~on 

Well and water level 
50 100 200 300 

Feet 

Angeles Chern~cal Company Slte Figure 2-1 6 
Shallow Groundwater Contours 

S h a ~  E & I Februaw zoo4 April, May, and June 2003 



Explanation 
- Interpreted line of equal elevation 

e Well and water level 
0 50 100 200 300 

h Feet - 
~i~~~~ 2-1 7 

Shallow Groundwater Contours 
Sb-dve S h a ~  E & I Februarv 2004 July, Spetember, and October 2003 



I Explanation 

l -  Interpreted line of equal elevation 

0 Well and water level 
%v Feet 

~i~~~~ 2-1 8 

r ~ .  Site Characterization Report Deep Groundwater Contours 
Z#EWifa Shaw E & 1 Fnhrllnrv 7004 Februarv. March. and Anril 2003 



Explanation 

Well and water level 

- Interpreted lhne of equal elevation 
1 7 1  - Feet 

Figure 2-1 9 
Deep Groundwater Contours 

Shaw E & l 
Site Characterization Report 

Februa~ 2004 April, May, and June 2003 



Explanation I 
1 Well and water level 

- Interpreted line of equal elevation 
I 

Feet lo I 
Angeles Chemical Company Site ~i~~~~ 2-20 

Santa Fe Springs, CA 

Site Characterizztion Report 
Deep Groundwater Contours 

%ZW@ Shaw E & 1 February 2004 Juiy, September, and October 2003 



Data from upper 2 ft have been omitted to improve visibility of deeper soil. 
Omitted data are plotted and color-coded 

on the boring represenfations and are provided in the tables. 
I I 

-a a s + r a  Sh%d E & I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Expert's Report 
February 2004 

Figure 3-1 
Total Xylenes in Soil (>I0 mglkg) 



Data from upper 2 ft have been omitted to improve visibility of deeper soil. 
Omitted data are plotted and color-coded 

on the boring representations and are provided in the tables, 

S~%_WJ" Shaw E & l 

Angeles Chern~cal Company Site 
Santa Fe Spnngs. CA 

Expert's Report 
FetJ~ary 2004 

Figure 3-2 
Toluene in Soil (>I0 mglkg) 
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Data from upper 2 ft have been omitted to improve visibility of deeper soil. 
Omiffed data are plotted and color-coded 

on the boring representations and are provided in the tables. 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Expert's Report 
Febmary 2004 

Figure 3-3 
1,1,1-TCA in Soil (>I0 mglkg) 



Data from upper 2 R have been omitted to improve visibility of deeper soil. 
Omitted data are plotted and color-coded 

on the boring representations and are provided in the tables. 

Figure 3-4 
PCE in Soil ( > I 0  mglkg) 
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Angeles Chemical Company Site 
Santa Fe Springs. CA 

Expert's Report 
February 2004 



Data from upper 2 ff have been omitted to improve visibility of deeper soil. 
Omitted data are plotted and color-coded 

I on the boring representations and are provided in the tables. 
t I 
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Angeles Chemical Company Site 
Santa Fe Springs. CA 

Expert's Report 
February 2004 

Figure 3-5 
TCE in Soil (> I0  mglkg) 



Explanation 
---- Basemap Features 

@ 1,1,1-TCA Concentrations in Shallow Wells 

0 50 100 200 300 
- 1  Feet 

Angeles Chemical Company Site Figure 3-6 - Distribution of 1,l , I  -TCA in 
1 ~ ~ Z B W "  Shaw E & I Site Characterization Repor? 

Fehriiarv 7004 Shallow Groundwater 



Explanation + 
I -  Basemap Features 

; @ TCE Concentrations in Shallow Wells 
I 

0 50 100 200 300 
1 Feet 

S h a ~  E & 1 

Angeles Chemical Company Site 
Santa Fe Spr~ngs, CA 

Site Character~zation Report 
February zoo4 

Figure 3-7 
Distribution of TCE in 
Shallow Groundwater 



I Explanation 
Basemap Features 0 50 100 200 300 

@ PCE Concentrations in Shallow Wells Feet 

A - ShE&?Va S h w  E & 1 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

S~te Characterization Report 
February 2004 

Figure 3-8 
Distribution of PCE in 
Shallow Groundwater 



Explanation A 

Angeles Chemical Company Site Figure 3-9 

Site Characterization Report 
Distribution of 1,l-DCA in 

S h w  E & I Fahrllnw 3nn4 Shallow Groundwater 

I -  Basemap Features 

( @ 1,l-DCA Concentrations in Shallow Wells 

0 50 100 200 300 
I - 1  Feet 



Explanation I A 
I -  Basemap Features 

@ Cis-1,2-DCE Concentrations in Shallow Wells 

0 50 100 200 300 
0 1  Feet 

S h a ~  E & 1 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

S~te Character~zation Report 
February zoo4 

Figure 3-1 0 
Distribution of Cis-1 $2-DCE in 
Shallow Groundwater 



Explanation 

I -  Basemap Features 

@ Acetone Concentrations in Shallow Wells 
I 

0 50 100 200 300 
L - 4  Feet 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Figure 3-1 1 
Distribution of Acetone in 

Shawa E I February 2004 Shallow Groundwater 
Site Characterization Report 



Explanation 
Basemap Features 

@ Toluene Concentrations in Shallow Wells I 
0 50 100 200 300 

L I I  Feet 

A Angeles Chem~cal Company Site 
Santa Fe Springs, CA 

Figure 3-12 
Distribution sf Toluene in 

S ~ B W "  Shaw E & I Site Characterizat~on Report 
February 2004 Shallow Groundwater 



I F- Explanation 

I -  Basemap Features 

@ Total Xylene Concentrations in Shallow Wells 

0 50 100 200 300 
0 1  Feet 

I 

Figure 3-13 
Distribution of Total Xylenes in 
Shallow Groundwater ShZ31" Shaw E & I 

Angeles Chern~cal Company Slte 
Santa Fe Spr~ngs, CA 

S~te Characterizat~on Report 
February 2004 



Explanation 1 I 
I -  Basemap Features 

, @ 1,4-Dioxane Concentrations in Shallow Wells 

0 50 100 200 300 
I-I Feet I 

Angeles Chem~cal Company S~te Figure 3-14 
Distribution of 1,CDioxane in 

! ~ ~ E B w "  Shaw E & l 
Slte Characterlzat~on Reporl 

Fohr~ mnr 7nnA Shallow Groundwater 



Explanation 
---- Basemap Features 

::. e 1 ,I ,I-TCA Concentrations in Deep Wells 
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L '- -1 

300 
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Angeles Chemlcal Company S~ te  
Santa Fe Sprlngs, CA 

S~te Characterlzat~on Repoit 
February 2004 

Figure 3-15 
Distribution of 1,1,1-TCA in 
Deep Groundwater 



1 Explanation 1 
Basernap Features 

8, TCE Concentrations in Deep Wells 
I 

0 50 100 200 300 
I-I Feet 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Figure 3-1 6 

v Site Characterization Report Distribution of TCE in 
1ShZk~" S h m  E & 1 February 2004 Deep Groundwater 



Explanation 
---- Basemap Features 

i. @ PCE Concentrations in Deep Wells 1 
0 50 100 200 300 
0. Feet I 

Shaw E & I 

Angeles Chem~cal Company Site 
Santa Fe Springs, CA 

Site Character~zation Report 
February 2004 

Figure 3-17 
Distribution of PCE in 
Deep Groundwater 



Explanation + 
I -  Basemap Features 

@ 1,l-DCA Concentrations in Deep Wells 
I 
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L I L l  

300 
Feet 

Angeles Chemical Company Site Figure 3-18 
Santa Fe Springs, CA 

Site Characterization Report 
Distribution of 1 ,I-DCA in 

S h a ~  E 8 I ! Febiuaw 2004 Deep Groundwater 



Explanation r 
Basemap Features 

@ Cis-l,2-DCE Concentrations in Deep Wells 
I 

0 50 100 200 300 
1 Feet 

I 

Figure 3-1 9 
Distribution of Cis-1,2-DCE in 
Deep Groundwater 

A Shawa shaw E & I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 



i i ,  Explanation 

Basernap Features 

i @ Acetone Concentrations in Deep Wells 
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I I I 
I Feet I 

I f i  I Angeles Chemical Company Site / Fin1 I ~ P  2-90 I 
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S~te Characterization Repoit 
Distribution of Acetone in 
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Explanation 4 
I -- Basemap Features 

t, d Toluene Concentrations in D e e ~  Wells 

0 50 100 200 300 
I- 1 Feet I 

Angeles Chemical Company Site Figure 3-21 

Site Characterization Report 
Distribution of Toluene in 

maw E & I F e b r u a ~  2004 Deep Groundwater 



Explanation 1 1 
Basemap Features 

. Q Total xylene Concentrations in Deep Wells 
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I i l  Feet 
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S~SW" S h a ~  E & 1 

Angeles Chem~cal Company S~te 
Santa Fe Spr~ngs, CA 

S~te Character~zat~on Repori 
Februarv 2004 

Figure 3-22 
Distribution of Total Xylenes in 
Deep Groundwater 



/ Explanation 

I -  Basemap Features 

' @ 1 ,4-Dioxane Concentrations in Deep Wells 
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-1 

300 
Feet I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Figure 3-23 

Site Characterization Report 
Distribution of 1,4-Dioxane in 

shaw E & 1 I Februaw 2004 Deep Groundwater 



Explanation 
Geologic Structure 
Elevation (ft) 

Angeles Chemical Company Site 
Figure 4-1 

ShEWd" Shaw E & l 
Site Characterization Report Structure Map Base of Unit B 

Februaw 2004 



Geologic Structure I 

$ p T G 7 r - q  Feet 

Angeles Chemical Company Site 
Santa Fe Springs, CA Figure 4-2 

SE~W" Shaw E & I 
Site Characterization Report Structure Map Base of Unit D 

February 2004 



Explanation 

Hydrogeologic Units 

Unit C1-Silt 

Unit D-Silty sand 

Unit C2-Clayey silt 

Angeles Chem~cal Company Site Figure 4-3 
S~te Character~zat~on Report 

Exploded 3-D Visualization of 
Sha86" S h a ~  E & I Februaw 2004 Hydrogeologic Units C1, D, C2 



( Explanation 

1 Hydrogeologic Units 

1 0 Layer D 

1 Layer ~2 ill I Feet 

Shaw E & I 

Angeles Chem~cal Company Slte 
Santa Fe Spnngs, CA 

S~te Character~zat~on Report 
February 2004 

Figure 4-4 
?Asp View of Units C1, D, and C2 



Explanation 

/ Elevation (ft) i 

Oblique view has 4X 
vertical exaggeration, 
View looking to the 
northwest. 

Angeles Chemical Company Site ~i~~~~ 4-5 Santa Fe Springs, CA 



Explanation 

Elevation (ft) 

Oblique view has 4X 
vertical exaggeration. 
View looking to the 
south-southwest. 

Angeles Chemical Company Site Figure 4-6 
Oblique View of Base of Unit D 

s h a ~  E & I February 2004 



Explanation 

Well and water level 

- Interpreted line of equal elevation 

1 Groundwater Ridges and Troughs I A 
l -  Ridge 

7 - -  

I ' 

25 50 100 150 
Trough 1 Feet 

Shaw  haw E I 

Angeles Chernlcal Company S~te 
Santa Fe Sprlngs, CA 

Slte Charscter~zatlon Report 
February 2004 

~i~~~~ 4-7 
Ridge and Trough Axes 
in Shallow Groundwater 2003 



I Explanation 
--- 

Water Level ~ r o u g h  Area 
Hydrogeologic Units 

~ 

Water Level Ridge Area Layer C1 

Structural Trough ~ q e r  D - Trace base unit B 0 Layer ~2 
1 - Trace top unit C2 50 100 200 300 

Feet 

s h a ~ "  Shaw E & l 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 

Figure 4-8 
Relationship of 2003 Shallow Groundwater 
;iiteipietat;ons to ~~~~~~~~~l ~~~~~h~ 



Trough Boundary 

-+ Interpreted shallow 
groundwater flow 

1 



~i~~~~ 4-1 0 

Site Characterization Report Top of Unit C2 Showing 2003 
shaw E & l Februaw 2004 Extent of Shallow Groundwater 

Geologic Structure Explanation 
Elevation (ft) - Elevation 1 15 f t  

New shallow well at Angeles and McKeeson 
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Explanation 

Interpreted rechargelgroundwater flow paths based on 2003 water table 

---- t Hypothetical flow path when water table is higher 
Hydrogeologic Units 

Unit A-Fill to silty sand to clayey silt 
Unit B-Sand 

Unit C1-Silt 

Unit D-Silty sand Well and screen interval 

Unit C2-C:layey silt 

Unit E-Sand 
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Shaw s h a ~  E & I 

Angeles Chemical Company Site 
Santa Fe Springs, CA 

Site Characterization Report 
February 2004 

Figure 4-11 
Cross Section Along Trough in Unit C2 
Showing Interpreted Shallow 
Groundwater Flow Paths 



Explanation - Direct~on of groundwater flow 

@ Well and water level 

- Interpreted llne of equal elevat~on 

!- 
I e 200 300 'PO 4 Feet 

~i~~~~ 4-1 2 
Composite of lnterpreted 2003 
Flow Directions in Deep Groundwater Shaw" Shaw E & 1 

Angeles Chernlcal Company S~te 
Santa Fe Sprlngs, CA 

S~te Character~zatlon Report 
February zoo4 



I Experf's Report I 1,1,1-TCA in Soil with Lithology 
Febmarv 2004 I 

Data from upper i! tt have been omitted to improve visibility of deepersoil. 
Omitted data are plotted and color-coded 

, ,  on the boring representations and are provided in the tables. 

Angeles Chemical Company Site 
Santa Fe Springs, CA Figure 4-1 3 



Data from upper 2 ft have been omitted to improve visibility of deeper soil. 
Omitted data are plotted and color-coded 

on the boring representations and are providedin the tables. 

Shaw E & I 

Angeles Chemical Company Site 
Santa Fe Springs. CA 

Expert's Report 
Figure 4-14 
PCE in Soil with Lithology 

February 2004 



Data from upper 2 fl have been omifted to improve visibility of deeper soil. 
Omitted data are plotted and color-coded 

on the boring representations and are provided in the tables. 
4 
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